In this study, the corrosion behaviors of nitride and titanium aluminum nitride (TiAlN) layers deposited on AISI D2 steel samples are reported. Steel was at rst nitrided in a nitrogen and ammonia atmosphere at 575
Introduction
The nitriding process, rst developed in the early 1900s, continues to play an important role in many industrial applications. Along with the derivative nitrocarburizing process, nitriding often is used in the manufacture of aircraft, bearings, automotive components, textile machinery and turbine generations systems [1] . Transition metal nitrides are used as hard surface coatings. They also play a role in steels. In recent years, transition metal nitrides like TiN, ZrN, TiAlN, NbN, TaN, and VN were successfully used as protective coatings in many elds for their high wear resistance, hardness and low friction coecient characteristics [25] .
Titanium aluminium nitride (TiAlN) has been developed as an alternative coating material since the 1980s. It was demonstrated that the hardness increased with Al content until a certain point because Al atoms with smaller ionic radius substituted for Ti atoms in TiN while keeping the NaCl structure. TiAlN has been commercially very successful due to signicantly improved oxidation resistance and hardness over TiN. The corrosion behaviour of coatings of the type AlN and TiAlN has been, however, the subject of less exhaustive investigation [612] . This paper concentrates on the evaluation of the corrosion resistance of uncoated, nitrided steel and TiAlN coatings deposited on AISI D2 cold work tool steel by thermo-reactive diusion (TRD). * corresponding author; e-mail: ozkancegil@yahoo.com
Experimental procedures
The steel used for the nitro-titanizing treatment was AISI D2 steel which consisted of 1.54% C, 0.28% Si, 0.29% Mn, 0.023% P, 0.005% S, 11.3% Cr, 0.74% Mo, 0.77% Ni, 0.74% V and iron (balance). The samples to be coated were machined as coupons to the dimensions of 20 mm in diameter and 5 mm in length. Prior to nitriding, all the samples were prepared metallographically. The coating bath consists of ferro titanium and pure aluminium for metallic element supplier, ammonium chloride as an activator, naphthalene for de-oxidation materials and alumina as a ller material. AISI D2 steel was pre-nitrided by gas nitriding process at 575
• C for 8 h. Then, TiAlN coating treatment was performed by TRD technique at 1000
• C for 2 h, followed by quenching in air. X-ray diraction (XRD) analysis was performed on the sample surface. Cu K α radiation with a wavelength of 1.5418 Å was used. The potentiodynamic polarization technique was used to evaluate the corrosion properties of the uncoated, nitrided steel and TiAlN coating, and the electrochemical impedance spectroscopy (EIS) was employed to reveal changes in the corrosion behaviour of the coating/substrate system. All the electrochemical tests were performed at 25
• C in open-to--air 0.5 M H 2 SO 4 aqueous solution using PCI4/750/ ZRA potentiostat-galvanostat (Gamry Instrument) system. The traditional three-electrode system was applied, where the saturated calomel electrode (SCE) acted as a reference electrode and a graphite bar as a counter electrode. The polarization curves were measured at a scan rate of 1 mV/s, starting from an initial potential (265)
), anodic Tafel slope (β a ), cathodic Tafel slope (β c ) were provided after analyzed by that software. Corrosion resistance (R p ) was calculated using Eqs. (1) and (2) [13] :
3. Results and discussion XRD analysis of the TiAlN coated AISI D2 steel sample at 1000
• C for 2 h showed that the phases formed on the coated steel sample are TiN, AlTi 3 N and Ti 3 Al 2 N 2 phases. Figure 1 shows the potentiodynamic polarization curves of the untreated, nitrided and the TiAlN coated AISI D2 steels tested in the 0.5 M% H 2 SO 4 aqueous solution. The corrosion potential (E corr ), current density (i corr ) and polarization resistance (R p ) obtained by Tafel calculations for uncoated, nitrided and coated steels are given in Table I . The current density value of the TiAlN coated sample is 21.77 µA/cm 2 which is much lower than that of the uncoated steel (59.05 µA/cm 2 ) and nitrided steel (50.68 µA/cm 2 ). In addition, the TiAlN coated sample has got the highest E corr (−403) and R p (0.3541) values. These electrochemical characteristics demonstrate the capacity of the TiAlN coating for providing corrosion protection to the underlying substrate. Fig. 1 . Polarization curves of the uncoated, nitrided, and TiAlN coated AISI D2 steels. The corrosion behaviour of TiAlN may also have been aected because of the presence of Al. It has been reported that the addition of Al to the transition metal nitrides improves the corrosion resistance. During the chemical attack, aluminium forms an Al 2 O 3 layer on the surface of the coating, which passivates the surface and prevents the coating from further attack [14, 15] .
It is clearly evident from the corrosion results that the TiAlN coatings exhibit superior corrosion resistance as compared to the TiN coatings as shown in Table II. As shown in Fig. 2 , the EIS data of TiAlN coated steel, nitrided and untreated steel samples are also presented as the Nyquist plot, which were comprised of real and imaginary parts of the impedance as a function of the applied Fig. 2 . Nyquist plots for EIS data of the uncoated, nitrided, and TiAlN coated AISI D2 steels. frequency perturbation. A convenient way to evaluate the corrosion properties of the samples is to compare the diameters of the semi-circles in the Nyquist plot [16, 17] . The larger the arc diameter is, the better corrosion resistance of the sample was expected. As shown in Fig. 2 , the TiAlN coated steel exhibited the larger arc diameter than that of the nitrided and untreated AISI D2 steels, and better corrosion resistance of these steels were evident.
Conclusions
TiAlN coating layer was dense and exhibits laminar microstructure with a well-dened coating/substrate interface. After coating treatment, surface hardness of coated AISI D2 has a pronounced increase compared to uncoated AISI D2. TiAlN coating is more eective to improve the surface hardness. The phases formed in the TiAlN layer are TiN, Ti 3 AlN, and Ti 3 Al 2 N 2 . The above results revealed that TiAlN coating has a high corrosion resistance in acid solution.
